This is a comment on Phys. Rev. Lett. 110, 126405 (2013), showing it biases the ferromagnetic order more than mean field theories would do. With over-biases like this, the theoretical method applied in the given context is called into question.
PACS numbers: 71.27.+a, 75.30.Fv, 71. 10.-w There are several studies on the electronic instabilities in the kagome-Hubbard model at the van-Hove singularity, [1] [2] [3] where the electron density is 5/6 per site. Surprisingly, Ref.
[1] reports ferromagnetic (FM) order up to the Hubbard interaction U = 10t (when interactions on bonds are absent). Henceforth the nearest-neighbor (NN) hopping t = 1 is set as the unit of energy. In Refs. [2, 3] , other orders are reported. One is the intra-unitcell 120
• antiferromagnetic (AFM) order. The other is the valence bond solid (VBS) state in the David-star pattern. These orders are illustrated in the insets of Fig.1(c) . Here we provide independent checks of all of the above states, showing that FM can not survive at large U , while 120
• -AFM and subsequently VBS are more favorable instead. [4] In Fig.1(a) we show the Stoner instability lines determined by U χ = 1, where χ is the bare susceptibility for the respective spin order.
[4] With decreasing temperature T , the first instability decides the ordered phase. We see FM only occurs at U ≤ U 0 ∼ 1.57 and very low T . For all U > U 0 , the 120
• -AFM order takes over. The phase boundary determined in this way is equivalent to that from the Hatree-Fock mean field theory (HFMFT). To check the reliability, we performed dyanmical mean field theory (DMFT) [5] at T = 0 for the two phases (independently).
[4] The average local spin moment M versus U is shown in Fig.1(b) . Consistent with HFMFT, M for FM vanishes for U > 1, while M for 120
• -AFM is finite. However, M is reduced by local quantum fluctuations beyond HFMFT.
At large U , say U = 10, a Mott gap appears in the local density of states (DOS) obtained by DMFT, see the inset of Fig.1(b) . At this stage we go beyond DMFT by mapping the Hubbard model to the t-J model. [6] We perform variational quantum Monte Carlo in this model.[4] FM is checked to be unfavorable. This should have been obvious since the NN spin exchange is AFM, and the system is far from the Nagaoka limit. So in the trial many-body wavefunction we include h 120 • −AFM to induce the 120
• -AFM, ∆t David−star to enhance (reduce) the hopping on blue (red) bonds, and V cdw to tune the charge-density imbalance on blue hexagons and triangles
FIG. 1. (a) The Stoner instability lines for FM (red) and 120
• -AFM (blue) order. U0 is the crossing point. (b) The average moment from DMFT at zero temperature. The inset shows the spin-diagonal DOS. (c) Trajectory in the energy landscape during the optimization of the variational parameters for an anti-periodic lattice with 6 × 6 × 3 sites and 90 electrons in total. The left inset shows the 120
• -AFM, and the right one is the David-star VBS, with stronger (weaker) hopping on blue (red) bonds.
in the David-star pattern.
[4] The main panel of Fig.1(c) shows the trajectory in the energy landscape as the variational parameters are simultaneously optimized. [7] Clearly, the David-star VBS is favorable, while the other parameters vanish as the energy is optimized to the minimum. This also confirms similar results near half filling in Ref. [8] [9] [10] where spin orders are ignored.
The fact that FM is absent at large U in MFT acts strongly against its persistence in Ref. MFT would do, to the extent that the 120
• -AFM and David-star VBS at larger U are unfortunately overlooked. With over-biases like this, the theoretical method applied in the given context is called into question.
